Monitoring specific volatile organic compounds (VOCs) as markers of biosecure carcass degradation is a promising method to test progress and completion of the composting process. The objective of this study was to test the feasibility of using existing aeration ducts in composting units as practical sampling locations. The secondary objective was to test the feasibility of using marker VOC concentrations in aeration ducts to elucidate information about airflow patterns inside composting units. Marker VOC concentrations were significantly higher in the upper aeration duct and this duct can typically be used to collect air samples instead of placing special air sampling probes inside the composting units. Occasionally, the airflow direction inside composting units can change. Marker VOC concentrations can be used to decide the airflow direction inside the composting units. In this study, higher VOC concentrations were measured from the upper aeration duct, and this duct was shown to be an outlet. Monitoring specific volatile organic compounds (VOCs) as markers of biosecure 7 carcass degradation is a promising method to test progress and completion of the 8 composting process. The objective of this study was to test the feasibility of using existing 9 aeration ducts in composting units as practical sampling locations. The secondary objective 10 was to test the feasibility of using marker VOC concentrations in aeration ducts to elucidate 11 information about airflow patterns inside composting units. Marker VOC concentrations 12 were significantly higher in the upper-aeration duct and this duct can typically be used to 13 collect air samples instead of placing special air sampling probes inside the composting 14 units. Occasionally, the airflow direction inside composting units can change. Marker VOC 15 concentrations can be used to decide the airflow direction inside the composting units. In 16 this study, higher VOC concentrations were measured from the upper aeration duct, and 17 this duct was shown to be an outlet. 18
Introduction
The first stage of the composting was conducted in the poultry houses. After five days, the 32 windrows were re-formed and covered with vapor barriers, wood shavings, and black 33 plastic sheets (Spencer et al., 2004) . Glanville et al. (2009) investigated an application of 34 this biosecure composting system to dispose diseased swine carcasses using field-scale 35 composing units. 36
One of the major problems associated with biosecure composting is the safety concerns 37 about exposure of diseased carcasses to the environment until carcass degradation is 38 completed. Since the visual inspection of the carcasses is not possible, VOC production 39 inside the composting units was monitored to determine the progress and completion of the (2010b) conducted a laboratory scale composting study to supplement the field results. In 43 these pioneering studies, it was reported that three VOCs (dimethyl disulfide, dimethyl 44 trisulfide and pyrimidine) are marker compounds of swine carcass degradation and 45 monitoring these VOCs is a promising and non-invasive method to test the progress and 46 completion of the composting process. In the field scale composting study, VOCs were 47 sampled through specially-constructed probes which allowed drawing air samples from the 48 center of the composting units (Akdeniz et al., 2010a) . Nevertheless, in an emergency 49 situation, it is not possible to construct special gas sampling probes to collect VOC samples. 50
In this study, practical VOC sampling locations that can be used in an emergency situation 51 were investigated. 52
Another problem associated with the biosecure composting units was unstable airflow 53 pattern. In the field-scale composting study, the swine carcasses were placed on top of the 54 30 cm plant (envelope) material and covered with an additional 60 cm of the same plant 55 material used in the base . In this type of biosecure composting 56 systems, upward airflow (entering through lower duct and exiting through upper duct) is 57 desirable since in upward airflow, air passes through the carcass layer and then the top plant 58 layer where it is biofiltered before being exhausted. In previous studies, occasional periods 59 of downward flow were observed. Odor emissions were observed during these periods as 60 odorous air did not move through the clean biofilter material above the carcasses but 61 instead through leachate contaminated layers beneath the carcasses and then out the lower 62 ducts without benefit of biofiltration. In addition to determining the progress and 63 completion of the biosecure composting process, in this study, marker VOC concentrations 64 were used to determine airflow patters inside the composting units. 65
The objectives of the study were: (i) to test upper and lower aeration ducts in 66 composting units as practical air sampling locations of marker VOCs and (ii) to test the 67 feasibility of using marker VOC concentrations in aeration ducts to elucidate information 68 about airflow patterns inside passively-ventilated composting units. 69 The O2 concentrations of the composting units exceeded 10% levels at all times in all 86 layers . 87
Materials and methods
Air samples were drawn from the composting units using a pump (SKC 224-PCXR4, 88
Eighty Four, PA) and flow meter (Dry Cal, DC-Lite, Bios, Butler, NJ). Air samples were 89 collected inside 250 mL glass sampling bulbs (Supelco, Bellefonte, PA), and then the 90 marker VOCs (dimethyl disulfide, dimethyl trisulfide, and pyrimidine) were sampled using 91 an 85 µm Carboxen/PDMS (Polydimethylsiloxane) SPME (solid phase microextraction) 92 fiber (Supelco, Bellefonte, PA) in a 1 h sampling time. SPME samples were run using a 93 compared to other zones. Based on these findings, it can be concluded that middle layer and 134 the air outlet are the best sampling locations to collect air samples. In case of an emergency 135 situation when there is no time to construct gas sampling probes to collect samples from the 136 middle layer, the air outlet (in this study the upper aeration duct) can be used to collect air 137 samples. In this study, one upper and one lower aeration duct were open and the additional 138 aeration ducts were sealed. Even if the additional ducts were not sealed, still upper aeration 139 duct could be used to collect samples. In this type of systems, upward airflow is expected as 140 it is predicted by chimney flow theory, i.e., air inside chimney has a lower density than 141 cooler outside air which causes the chimney air to rise and flow through the carcass layer 142 and then through the upper plant material). 143
One possible problem associated with collecting VOC samples from an aeration duct is 144 that the airflow pattern inside the composting unit may alternate from the upward to 145 downward. These variations are likely due to the change in plant material porosity, 146 temperature, and ambient wind velocity and direction. Thus, it is important to determine 147 which aeration duct serves as an outlet before deciding on the VOC sampling location. 148
Airflow direction inside the composting units can be determined by collecting VOC 149 samples from the upper and lower aeration ducts. If the lower aeration duct serves as an 150 outlet, then the marker VOC concentrations should be higher at this location. In this system, 151 upward airflow is desirable since it helps to biofilter the air. If the airflow direction is found 152 to be downward, it could be changed to upward by employing additional aeration ducts at 153 different heights and locations. Proper sealing of the plastic barriers with the composting 154 units is also needed to encourage upward passive aeration through the compost material. 
